Introduction
Obesity is a global health problem at epidemic proportions. 1 Historically, the UK has lagged behind the US and Canada in the prevalence of obesity and overweight, although recent surveys have shown that the UK is starting to show increases in rates of overweight and obesity, both in the adult population and in children. 1, 2 Recent work has shown a corresponding increase in dyslipidaemia and insulin resistance in schoolchildren and the potential for future morbidity in the form of an increased number of individuals with type 2 diabetes and cardiovascular disease. [3] [4] [5] Here we confirm both the continued increase in childhood obesity in Scotland, its relationship to poverty, and provide a novel analysis of the role of height limitation in obesity.
Methods and study subjects
Subjects were healthy prepubertal school children, recruited through 47 primary schools in Eastern Scotland (n ¼ 2454) as part of the BBSRC-funded Energy Balance Study. The sample was largely Caucasian (98%). All children aged between 4-10 y were invited to participate in the study, via letters and information sheets distributed throughout the schools to parents and guardians. Height and body weight data were collected on one occasion in the school environment between March 2002 and January 2003. Standing height, without shoes, was measured (to the nearest 0.1 cm) using a stadiometer (SECA Leicester height measure). Body weight was measured (to the nearest 0.1 kg) using a mechanical scale (SECA mechanical floor scale) with subjects wearing light clothing. Date of birth was also obtained. ). Individuals were assessed for overweight and obesity acording to recent international data in which age and gender appropriate cutoffs are defined. 6 In the present paper, the data for BMI has been analysed to give interpolation between the cutoff intervals given, therefore the true cutoff for that precise age is used (the point where the curve passes through at exact age). Data were analysed using SPSS for windows v. 11.0 (SPSS Inc., USA) and results are expressed as the mean7s.e. Age and sex were used as covariates in a general linear model for height, weight and BMI. Sequence deviation scores (z-scores) for height, weight and BMI were generated from the 1990 UK reference growth charts. 7, 8 The mean z-scores from the different income groups were compared with the Student's t-test.
The socioeconomic mix of pupils attending each school was assessed from the percentage of pupils entitled to free school meals (FME). The entitlement to free school meals is based on the family income levels in accordance with Scottish state legislation. This measure has no relationship with the actual ingestion of such food by the pupils, and therefore does not reflect the quality, or impact of the school meals. These data are routinely collated as a convenient socioeconomic indicator by local government, and are published on the school websites (www.scottishschoolsonline. gov.uk). We examined the distribution of FME in the 47 schools included in the study and found that it did not represent a normal distribution (Po0.0001). The FME distribution was distinctly bimodal, with no schools having an FME of between 14 and 20%; therefore, we defined the schools as the lower-income group (FME415%, n ¼ 1025), or higher-income group (FMEo15%, n ¼ 1429). Each child was then coded for a value of low-or high-income group according to the FME range of their school.
Results and discussion
Overall overweight or obesity prevalence was 24. 6%, while prevalence of obesity alone was 6.1% (see Table 1 for population characteristics). The relationship of the prevalence rates in this study compared with earlier Scottish surveys is shown (Figure 1 ). Girls were more likely to be overweight or obese than boys, as has been observed with other recent UK surveys. These results represent a marked increase from the previous survey conducted in Scotland in 1994, 2 and these data confirm that the previously forecast epidemic is continuing to develop at an exponential rate. When we examined the obesity levels in the higher and lower income groups, we found that the prevalence of obesity was much higher in the lower-income group when compared with the higher-income group (Figure 2a ). Girls were more likely to be overweight or obese than boys in both groups and the girls from the lower-income group had a very high prevalence of overweight or obesity of 31% (Figure 2b ). The use of binary logistic regression, using age and sex as covariates, confirmed that the income level was inversely associated with susceptibility to obesity (Po0.0001), with the income level being a stronger predictor of obesity than sex. The lower-income group was 65% more likely than the higher-income group to develop obesity (Po0.0001). The coexistence of undernourishment (low BMI) with obesity in lower socioeconomic groups has recently been reported; 9 however, we could not find any evidence for an increased prevalence of low BMI (o5th or o2nd centile), which is the classical measure of undernutrition, in our lower-income group (data not shown). Interestingly, although the prevalence of obesity was greater in the lower-income group, Childhood obesity and socioeconomic status JE Cecil et al there was no weight difference across the income groups (age and sex adjusted). This indicates that overall body mass or 'size' (as opposed to the weight-for-height or BMI) is identical in the two groups (Figure 2c ). However, when we examined the age-and sex-adjusted height in the lower-and higher-income groups, we found that the lower-income group were, on average, 1.26 cm shorter, and this was consistent in both sexes (Figure 2d , Po0.0001). This is a substantial height limitation, as it can be compared to a 1 cm difference in height between boys and girls at this age Figure 2 Increased prevalence of obesity and a reduced height phenotype are associated with the lower income group. Shown are the raw prevalence rates of obesity (a) and overweight and obese (b), the age-adjusted means (with s.e.) of weight (c) and height (d) for each income group and by sex, and for overweight status (e).
Childhood obesity and socioeconomic status JE Cecil et al (Po0.0001). This socioeconomic difference in height was apparent throughout the ranges of BMI with this growth limitation being evident even in overweight or obese children ( Figure 2e ). Invoking height growth limitation as a factor in obesity is surprising, as recent literature has focused on the colinearity between obesity and increased height. 10, 11 Consistent with these previous observations, overweight children in this study were taller than nonoverweight children regardless of economic income group (Figure 2e ), therefore this phenomenon is not associated with short stature per se, but is associated with a relative height-growth restriction. The fact that overall body weight was remarkably similar in the two socioeconomic groups, demonstrates that the increase in prevalence of obesity in the lower-socioeconomic group is largely due to this relative height-growth limitation, and not overall mass gain, and this conclusion is supported by analysing the data as expressed as s.d. scores from the 1990 growth reference charts ( Figure 3 ). This finding of growth limitation in obesity has only ever been reported in developing countries, such as Brazil, 12 and may point to the increasing availability of inexpensive, energy-dense low-nutrient food as being a substantial cause of the increasing epidemic of obesity in this social group. However, other socioeconomic-linked factors including tobacco smoke exposure 13 (in utero and postnatal), decline in physical activity, 14 and possibly sleep patterns 15, 16 may play important roles in growth and obesity.
Indeed, a major impact on growth and body fat in children is growth hormone release, which shows peaks of secretion during sleep, following feeding and exercise. 17 Reductions in activity, poor nutrition and altered sleep patterns, therefore, have the potential to directly modulate height growth and body composition in children. Further studies are required to clarify the role of these complex factors in determining height limitation and obesity.
